Introduction
The suppression of the J/ψ production in relativistic heavy ion collisions maybe one of the important signatures to identify the possible phase transition to the quark-gluon plasma [1] . The dissociation of the J/ψ in the quark-gluon plasma due to color screening can lead to a reduction of its production, however, the J/ψ suppression maybe already present in the hadron-nucleus collisions. It is necessary to separate the absorption of the J/ψ by the nucleons and by the co-mover light mesons (π, K, ρ, ω, etc.) before we can make a definitive conclusion about the formation of the quark-gluon plasma. It is of great importance to understand the J/ψ production and absorption mechanisms in the hadronic matter. The values of the J/ψ absorption cross sections by the light hadrons are not known empirically, we have to resort to some theoretical approaches. Among existing approaches for evaluating the charmonium absorption cross sections by the light hadrons, the onemeson exchange model and the effective SU(4) theory are typical [2, 3] . The detailed knowledge about the hadronic vertices or the strong coupling constants which are basic parameters in the effective Lagrangians is of great importance.
The discovery of the two strange-charmed mesons D s0 and D s1 with spin-parity 0 + and 1 + respectively has triggered hot debate on their nature, under-structures and whether it is necessary to introduce the exotic states [4] . The mass of the D s0 is significantly lower than the values of the 0 + state mass from the quark models and lattice simulations [5] . The difficulties to identify the D s0 and D s1 states with the conventional cs mesons are rather similar to those appearing in the light scalar mesons below 1GeV . Among the various explanations, the hadronic dressing mechanism is typical. The scalar mesons a 0 (980), f 0 (980), D 0 and D s0 may have bare qq, cu and cs kernels in the P −wave states with strong coupling to the nearby threshold respectively, the S−wave virtual intermediate hadronic states (or the virtual mesons loops) play a crucial role in the composition of those bound states (or resonances due to the masses below or above the thresholds). The hadronic dressing mechanism (or unitarized quark models) takes the point of view that the f 0 (980), a 0 (980) , D 0 and D s0 mesons have small qq,cu and cs kernels of the typical qq, cū and cs mesons size respectively. The strong couplings to the virtual intermediate hadronic states (or the virtual mesons loops) may result in smaller masses than the conventional scalar, cū and cs mesons in the constituent quark models, enrich the pure, cū and cs states with other components [6, 7] . Those mesons may spend part (or most part) of their lifetime as virtual KK, D s K and DK states [6, 7] . It is interesting to study the possibility of the hadronic dressing mechanism.
In this article, we calculate the values of the strong coupling constants G D * DsK , G D * s DK , G D 0 DsK and G D s0 DK within the framework of the light-cone QCD sum rules approach. The light-cone QCD sum rules approach carries out the operator product expansion near the light-cone x 2 ≈ 0 instead of the short distance x ≈ 0 while the non-perturbative matrix elements are parameterized by the light-cone distribution amplitudes which classified according to their twists instead of the vacuum condensates [8, 9] . Furthermore, we study the dependence of the strong coupling constants
, and estimate the values of the non-perturbative parameter. It is very difficult to determine the a 4 with the QCD sum rules, the values of the a 4 suffer from large uncertainties, as it concerns high dimension vacuum condensates which are known poorly [8, 9, 10, 11, 12] . It is of great importance to determine the values directly from the experimental data.
The article is arranged as: in Section 2, we derive the strong coupling constants
DK within the framework of the light-cone QCD sum rules approach; in Section 3, the numerical results and discussions; and in Section 4, conclusion.
Strong coupling constants
In the following, we write down the definitions for the strong coupling constants
here the ǫ µ are the polarization vectors of the mesons D * and D * s . We study the strong coupling constants
in an unified way, and choose the two-point correlation functions Π 1 µ (P, q) and Π 2 µ (P, q),
The correlation functions Π
1(2)
µ (P, q) can be decomposed as
due to the Lorentz covariance. In this article, we derive the sum rules with the tensor structures P µ and q µ respectively, and make detailed studies. According to the basic assumption of current-hadron duality in the QCD sum rules approach [13] , we can insert a complete series of intermediate states with the same quantum numbers as the current operators J Ds (x) (J D (x)) and J µ ) can be expressed in terms of the strong coupling constants G and the decay constants f M of the heavy mesons, the explicit expressions are presented in the appendix. We use the standard definitions for the decay constants f M (f Ds ,
gauge firstly [10] ,
here G µν is the gluonic field strength, g s denotes the strong coupling constant. Substituting the above c quark propagator and the corresponding K meson lightcone distribution amplitudes into the correlation functions Π 1 µ and Π 2 µ in Eqs.(2-3) and completing the integrals over the variables x and k, finally we obtain the representation at the level of quark-gluon degrees of freedom, the explicit expressions are presented in the appendix. In calculation, we have used the two-particle and three-particle K meson light-cone distribution amplitudes [8, 9, 10, 11, 12] , the explicit expressions are also presented in the appendix. The parameters in the lightcone distribution amplitudes are scale dependent and can be estimated with the QCD sum rules approach [8, 9, 10, 11, 12] . In this article, the energy scale µ is chosen to be µ = 1GeV .
We perform the double Borel transformation with respect to the variables Q q , and obtain the analytical expressions for those invariant functions, the explicit expressions are presented in the appendix.
In order to match the duality regions below the thresholds s 0 and s ′ 0 for the interpolating currents J D µ (x)(J Ds µ (x)) and J Ds (x) (J D (x) ) respectively, we can express the correlation functions Π 1(2) P and Π 1(2) q at the level of quark-gluon degrees of freedom into the following form,
then we perform the double Borel transformation with respect to the variables Q 2 1 = −(q+P ) 2 and Q 2 = −q 2 directly. However, the analytical expressions for the spectral densities ρ(s, s ′ ) are hard to obtain, we have to resort to some approximations. As the contributions from the higher twist terms are suppressed by more powers of 1 −q 2 or 1 −(q+P ) 2 , the continuum subtractions will not affect the results remarkably, here we will use the expressions in Eqs. (28) (29) for the three-particle (quark-antiquarkgluon) twist-3, twist-4 terms, and the two-particle twist-4 terms. In fact, their contributions are of minor importance, the dominating contributions come from the two-particle twist-2 and twist-3 terms involving the φ K (u), φ p (u) and φ σ (u). We perform the same trick as Refs. [10, 14] and expand the amplitudes φ K (u), φ p (u) and
Numerical results and discussions
The input parameters are taken as m s = (140 ± 10)MeV , m c = (1.25 ± 0.10)GeV ,
. In this article, we take the values of the a 4 to be zero, and explore the dependence of the strong coupling constants
, we can use the experimental data as a guide, [15] , and choose the values s [17] . The predictions from the constituent quark models are m D 0 = 2.4GeV [5] . The values of the mass from the two collaborations have the difference about 100MeV , in this article, we take the value m The values of the decay constants [26] from the potential models; MeV [27] from the quark models, and f D = (222.6 ± 16.7 +2.8 −3.4 )MeV from the experimental data [28] . For a review of the values of the decay constants for the mesons D and D s from the QCD sum rules and lattice QCD, one can consult the second article of the Ref. [9] .
In this article, we take the following constraints for the decay constants, 
In numerical calculation, we observe that the values of the strong coupling constants
DK are sensitive to the six hadronic parameters, small variations of those parameters can lead to relatively large changes for the numerical values, refining the six hadronic parameters is of great importance.
The Borel parameters in Eqs. (10) (11) are taken as M Taking into account all the uncertainties, finally we obtain the numerical results for the strong coupling constants,
which are shown in the Figs.9-10 respectively. The strong coupling constants G D * DsK , G D * s DK , G D 0 DsK and G D s0 DK can be related to the parameters g and h in the heavy-light Chiral perturbation theory [29, 39] ,
here the S are the heavy scalar mesons with 0 + , the P are the heavy pseudoscalar mesons with 0 − , the V are the heavy vector mesons with 1 − , and the π stand for the light pseudoscalar mesons.
The parameter g has been calculated with the light-cone QCD sum rules [32, 33, 34] , the quark models [35, 36] and extracted from the experimental data [37, 38] . The values vary in a large range, the corresponding values of the strong coupling constants G D * DsK and G D * s DK in the SU(3) limit for the light pseudoscalar mesons Fig.11 . In fact, the largest uncertainties come from the uncertainties of the a 4 , they are ideal channels to determine this parameter directly from the experimental data. Once the experimental data for the values of the strong coupling constants G D * DsK and G D * s DK are available, powerful constraints can be put on the range of the parameter a 4 . If we take the values from the QCD sum rules as input parameters [31] , G D * DsK = 3.02 ± 0.14 and G D * s DK = 2.84 ± 0.31, very large values of the a 4 are obtained.
The parameter h has been estimated with the light-cone QCD sum rules [39] , the quark models [36] , Adler-Weisberger type sum rules [40] , and extracted from the experimental data [41] , the values are listed in the Table. 2, from those values we can estimate the values of the corresponding strong coupling constants G D 0 DsK and G D s0 DK in the SU(3) limit for the light pseudoscalar mesons. The value of the dimensionless effective coupling constant Γ/k = 0.46(9) from Lattice QCD [42] is somewhat smaller than the values extracted from the experimental data Γ/k = 0.73 [36, 39, 40, 41] , although somewhat smaller comparing with the values obtained in Ref. [19] with the scalar interpolating current for the D s0 meson, and about 2 − 3 times as large as the energy scale M D s0 = 2.317GeV , and favor the hadronic dressing mechanism. For a short discussion about This work Table 1 : Numerical values of the parameter g, and the corresponding values of the strong coupling constants G D * DsK and G D * s DK in the SU(3) limit. Here we have double the values of our numerical results and the ones from Ref. [31] due to the difference between the definitions for the strong coupling constants. the hadronic dressing mechanism, one can consult Ref. [19] , or one can consult the original literatures for the details [6, 7] .
The large values of the strong coupling constants G D 0 DsK and G D s0 DK obviously support the hadronic dressing mechanism, the D 0 and D s0 (just like the scalar mesons f 0 (980) and a 0 (980), see Ref. [18] ) can be taken as having small scalar cū and cs kernels of typical meson size with large virtual S-wave D s K and DK cloud respectively. In Ref. [30] , the authors analyze the unitarized two-meson scattering amplitudes from the heavy-light Chiral Lagrangian, and observe that the scalar meson D s0 appears as the bound state pole with the strong coupling constant G D s0 DK = 10.203GeV . Our numerical results G D s0 DK = 5.9 +1.7 −1.6 GeV are smaller, the values of our previously work G D s0 DK = 9.3 +2.7 −2.1 GeV with the scalar interpolating current are more satisfactory [19] .
Conclusions
In this article, we analyze the vertices
DK within the framework of the light-cone QCD sum rules approach in an unified way. The strong coupling constants G D * DsK and G D * s DK are important parameters in evaluating the charmonium absorption cross sections in searching for the quark-gluon plasmas, our numerical values of the G D * DsK and G D * s DK are compatible with the existing estimations although somewhat smaller, the SU(4) symmetry breaking effects are very large, about 60%, the approximation of the SU(4) symmetry
.0 is not suitable [3] . For the scalar mesons D 0 and D s0 , we take the point of view that they are the conventional cū and cs meson respec- This work Table 2 : Numerical values of the parameter h, and the corresponding values of the strong coupling constants G D 0 DsK and G D s0 DK in the SU(3) limit. µ in the hadronic representation,
The explicit expressions of the correlation functions Π 1 µ and Π 2 µ at the level of quark-gluon degrees of freedom,
[q + ((1 − v)α g + α s )P ] 
The light-cone distribution amplitudes of the K meson, 
−iP ·x(αs+vαg ) , < 0|ū(0)γ µ g sGαβ (vx)s(x)|K(P ) > = P µ P α x β − P β x α
here the operatorG αβ is the dual of the G αβ ,G αβ = 
here C
